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SUMMARY

ICING

Renner

—
.: ---- =—

.—

Aerod-ic, rain,endicingtestswereconductedintheNACA
icingrese~chtunnelonthestandardcwhretor alrscoopofa hW3
twin-ergi.necwoo dr@.ne azldon eeveralunder-cowlingscoops
designedinan”efforttoeliminatethecharacteristicrem-pressura– ‘” C“-””-‘“.-—— ..

lossaccompanyingimpacticingofthestandardscoopandthecarbu-
retorscreen.Tuftandstatic-pressure-&Lstrilmtion6H6YS–WDTT”-“‘“–
ude onthelipsofthescoopsandtotal-pressureandstatit-pressure ._ ._ -

“r readingsweretakenat thecarburetortopdeckto determlmeram-
pressurerecoveryandvelocitydlstributions.Ratesofwei6i~s-
tionweredeterminedatVlreesimulatedflightandrainconditions.-

t Iciw testeofthevariousscoopsweremadeto determinetheMount
ofductandcarburetor-screenicing.

Theaerodynamicsw~veysindicatethatenunder-c~li% sc~oP
ofthety--einvestigatedinthesetestscanachieveram-yeSEJUZW
recoverycomparablewith,thatofthestandardscoop.Theresults - “’ --
oftherain-lngediontestsindicatethattheU?xler-ccfwli.ng-type —
scoopingestslessthan5 percentofthefreewaterinthe&Ir-” ‘“
enteringtheinductionsystemas com~ed ~fiththestandardsc60pi
Theicingofthecarburetorscreenwiththeunder-cowli~SCOOPwaa
negligible;whereaswithtbeetandardscoopitwaeexcessive. .. “,

INTRODUCTION —

A “~ge twin-enginecer~oai~kne wasextensivelyusedby the
India-ChinaDivision,China-Wrma-T~aAirTransportCommand,to

.

transportwarmetierial.Reportsfrompilotswhohaveflow.these
airplanesovertheIMia-Chinarouteduriagthemonsooneeasonattrib- .

utethe10ssofmanyairplanesto induction-3ystemicing.Instances
whereiceontkeheated-airdoorpreventedthepilotfromusing
heatedairhavebeenre~rted. Theconstantuseofalcoholorheated
air~ovednottobe feasiblefortheseconditions.“Intermittentuse
ofheatedairforde-icinginvolvesthehazardofprohibitivelosein -_
{altituderesultingfromdecreasedenginepower.

>
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Spinnerfuelinjectionatiih~entrancetothesuperckanger,which
i~standarclontheengineof thiecargoairplafie,effectivelyreduces
fuel-evaprationicingirkthecarburetm.andthe suyercbargerinlet
elbow,ae shownh a watt & I.%itneyAirmmftireportandas demomtrated
inUnpublishedNAM laboratorydata.T%isinduction-systemfc.tnglu@J-
l.miEIthereforeLimitedto im~cticirgofthescoop,duct, screen, end
ceiburetor-airmeteri~r~rtsendtotbrottl~ ioingduetoadiabatic
e~~.sionintb.ecarbwetor.

—

Eliminationoffreewaterfromtheinductionsystemisan effective
methodofreducingtheicinghazard,particularlywhentkm?eIsno tmd-
encytowardfuel-evaporationcoolingmd whenpartabelowthocarburetor
aremaintainedat temperatureabovefreezing.

..
A scoo~+ntrancodoal~

forpreventingtheentry ofreinby Inertia.sqw,rationwasproposedby
Wi.].lsonH.Hunterina paperentitled‘tNotesonAirwaftIcl.ng”given
at theNationalAeronauticmeetingoftheSosietyofAutctmttvo12n@news
atNewYorkinMarch1942ad ‘byKimball(reference1). Itwastho~ht
thatthisdes?.&mcouldbe UE@ with~ittl~or~ dditl~l aerodynado
losses.Thecaseofa oarf;oeirpkne opaeaitrget itsservice ceiling

tlmo~hserious iciii weatkerwarrantedattemptstoadaptthis-yropossd 1“
designtotheairplaneinorttertoreducetheicinghazardintbe
inductionsystem.

%
Aerod=mmic,rain,andAo&n&tcm%swere conductedintheicln&

researcht-unrmloftheNACA!Jle~reIandla”~bratoryonthostandard —
carburetor-airscoapandsevaralexperimentalscoops,wbioh%%r~
intendedto separatetheretifrcntheaj.i.enterin8theScoopc

.=-
The

criteriaselectedforthedesignOStheexperimentalSCOOPSareas
-—

follows:

1.Therateof’free-wateringestfo~mustbe reducedtoa minimum.

2.Ramreooverymusthe equalto orgreaterthanthatofthe
standardscoopundercrwisingconditionsabovecritical altitude.

3.Thescoo~shouldbeautomticinttaoperation,requiring
attentionfromthepilot.

APFARLTUSM,CDINS!IRTMMNYTION

no

Theupperhalfofan enginecowlingw&B installedinthe6-by
9-foottestsectlmoftheicingresearchtunnel.Twoothercenter
sectionsweremodifiedtoaccommodatetwoexperimentalscoops.A’
rearfairingwasprovidedbackM theenginecowlingtoreducethe
blockingeffectofthemodelandtoprovidean outletforthe

2
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simulatedenginecoolingair. Thecowliryj(figs.I and2)wassu~yorted
by a cylindricalsteelshell,whichwasattachedtoa hingedbaseplate
8 inchesabovetketunnelfloor.Flightanglesofattackof0°,4°,
and8°measuredfromthehorizontalaxisweresaulatedby loweringtlie
downstreamendoftinebaseplate.A woode~dimmlyengine,representing
theupperhaM ofthenosesectionof’theemgineandequippedwith
Distributorsandma&neto,wasmountedonthe‘b&seplateinproperrela-
tionto thecowling,Twoorificeplatesthatcodd be regotelyadjusted
to obtaiathedesiredcooling-airflowtllrouglhtheenginecompartn%nt
weremountedbehindthewoodennoseeection. Finnedelectricstrip
heatersweresecuredtotheupstreamorificepllatetopreventicingof
theorificeopenings.Theorificeplateswerecalibrated.againsta
standardcircularorificeattachedto theopeningintherearfairing
ofthemodel. ._

Twototal-~essurerakesanda static-~ese-urering(fig.l)-weri
locatedinanadapterat theJunctionoftheinletelbowanda water
separatorthatreplacedtinectmburetor.Exitductsfromtb Se~atOfi

—

tobothsidesofthecowlingcompleted-thetestinductionsystem.
Charge-a@flowthroughtheinductionsystemwa’6r%gulatedby hydrau-
licallycontrolledflapslocated3,ntheexitducts.A 30-meshscreen
wasplaced.at theseparator-airexitsto improvetheairYlowinthe
instrumentedventurisections,Static-pressurer~e and“totST.-”.
Fressurei.ntegratingrakesintheinstrumentedsec%ionoftheexit
ductswereusedtomeasurethecharge-airmassflew. Waterenter-
thescoopwasseparatedfromthea+~by fourlayersof parallel“ties - ‘“““-
uountedatanangletotheairstream“inthesexiator.Thewater
wasthencentin-~ouelydratiedintotwograduatesL These~ratorwas
calibratedby placinga water-sprayjetofknowncapacityinsidethe –
ductandmeasuzziagtheamountofwatercollectedat sevemalvaluesof
airspeedandcharge-airflow. Thiscalibrationshowedthewater
separatortobe at least~5-percentefficient.Theductair-stream ““-
temperaturewasmeasured.by iron-constantanthermocouplesinstalled
at thecarburetortopdeckandinstrumentedsectionsoftheeti”f‘ducts.

Foreachraincondition,a surveyofthewaterconcen%ration
aheadofthescoopinletwasmadewiththewater-sfimplingrakeshown
;- ** -,.%- z m~- .- L-.. ----7 -. ----- .-7 7 _-A-a
.UL .L L&uu d .

forperiods7

Thefour
scoop;(2)an
theductfrom

ALL= WU U=J-- bUJW~AUU WUL-U GULLUUUUU

to 20minutesinduration. -

DESCRIPTIONOFSCOOPS

in individualburettes
.—

scoapstestedwere: (1)a stendardcarburetor-air
experimentalunder-cowlingscoopdesignedto protect
thedirectingestionoffreewater;(3)a mo-llfication
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oftheunder-cowli~scoop;and(4)a combinationofthestandardand
under-cowlingscoops.Thebasicd6signsofthesuoopsareshcwnin
figure4;theSCOOTprofilesandthetypicalcross-sectionsareehown
infigure5.

Theductofthestandardscoophasa cross-sectto~lareaof
approximately70 squareinchesandextendsbacL~rd52inchestoa

.—

1.OOOelbowleadingdownto thecarbureto~topdeck.A rotary-valvw-
typedoorforadmittingheatedairisfittedflushwiththefloorof.
theductaheadoftheelbow.Several“~-:nchdiametarholesare

providedaheadoftherubbersealat the.upntreamendoftheheated-
atrvalveto drainthewaterthatrunsbackontheductfloor.For
theseteatstb.einterioroftheducts,includingthestalemembers
oftheheateii-air~alve,weresealedwiths%eet~ubber=mentedin
placeinomierthatwatersadairle~cagewculdnotimfluencethe
results.A verticaldoor,‘rhisb.atittsfiltsredairEU.fiwhichforms
therearwalloftheductellmw,waselsdsealedfort%aaetests. .

—

A removabletransparenthatchwasplaceddirectlyabovethecarbu-
retorscreento permitobservingandphotographingscreeaicefor- 1=
mations.Onlythefo.rwa~d13.37inchesofthestandard-cowling
centersectlcmwasalteredinpreparimgtbeex~erimentalscoops for
test. >

As Bhowninfigure5,theunder-cowl$~scoopisdosi@ed.to
Wotecttheductinletfromthedirectingestionoffreewater.

Waterseparationby thennder-cawlingscobpdependsontherelatively
greatinertiaofthewaterdroplets,whichcausesthedropletsto
continueinsubstantiallystraight-linepathswhiletkechargealr
curvessharplyintothescoop.A theoretical-lysis of the
Inertia-separationyrLnci@easappliedtotheUuder-cow:ingscoop

—-

1spresentedintheap]endix.Thefrontlip oftieunder-cowling
Hcoopiscurveddownwarduntiltheleadin&edgecoincideswiththe
formerpositionoftheleadingedgeofthelowerliponthestandesrd

—

scoop.Therearlipis locatedashighandasfarforwardas POE+
sibletoobtainthesharpestturnwithoutreducingtheinletarea.

Theob$ectinthedesignofthemod~iedunder-cowMng9COOP
wasto increasetheradiusof curvatureoftheinletpassageby
fillingintheconcaverearsurfaceofthefrc@ Mp oftheorighal
under-cowli~scoop.Therem ~p wascutbackto~j.ntalnanad6-
quateinletarea.Becauseof the natureoftheconstructionofthe
basicunder-cowlingscoop,i.twasimpossibleduriagthetineavail-
ablefortheseteatstoaltert~eoutercontourofthefrontlipas
permittedby theinternalc3anges;thischangewouldbe tiesirablet &
however,toreducetheweightoftheSCCIOPinletandto i.mpovethe —.—
externalfail=lng. —..

—

4
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A scoopincor-~raiiingthefeaturesofboththeatanda@__sxid
uwier-cowlingscoops(fig.5(e)]wasalsodes~ed andtested.A
screenwas~lla~edovertheraminletofthestandardscoopsothat
:Iress-uredflferencesc.suedby theicingofthisscreenWOUld tend
to opena doorhi~ed a shortdistancebackfromtheleadingedge
oft-helowerliponttJeductfloor.Thedoorwas&esf@-edtoblock
automaticallytheentireramopeningandformtheouterwallofan
inletelbowofan under-co-wlingintakesimilarto-thebasicdesign

SYMBOLS

.

-..—

Thefollowingsymbolsareusedinthereyort: ..-z_.— .-..._

averagetotalpressureat carbmetortogdeck,inchesofwater

totalpressureoffreeairstreati,inchesof’water

cross-sectionalfore-and-aftwidthof carburetortopdeckl
inches . .

distancefromfomrd wallat topdeckto total-pressuxxe-
raketubes,inches

localstaticpressureon

testsectianfree-stream

[

pressurecoefficient1

-. —

scoopsurface,hckes ofwater

etatiogressure,inchesofwater

)
(]

P--—
J)

te-+eratureintunneltestsection,%

indicatedairspeed}milesperhour .—
localindicatedvelocityofairstreamat topdeckaveraged
fortworakesforeachstationvalueof Z, feetpertiecond

averaSeindicatedvelocityofairstreamat topdeckbasedon
distributionof Vdj feetpersecond — ..

—-

.

indicatedfree-streamvelocityintunnel,feetpersecond
—

charge-airflow,~oundsperhow

5
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we cool~-ai.rflow,youndspersecond

axis,dagrees

TESTS

m.ndeto determinethenature
oftheairflowfroma regionapproximately3 feetupstreaaofthe
frontofthemodelina verticalplanepa.esingthro~hthecenter
ofthemodel.Tl~ftobservations for the under-cowlingscoopswere
madefroma ti.ndowinthetopofthetumielteat~ectl.cznumlr4ga
mirrormountedonthemodel.

Thetestconditionsfo~aerodynamicandsimulated.-raintests
arehatedinthefollowin~ta’ble:

Flight

condition

‘:: ‘~~r ~~

ai.zwpeed

FAghspeed 200 0
C3ndsing 160 4

\ 12,000 42
7,Ocm 26

Steepclinb 160 !8 12,000 42
aone-halfofthesevalueswerevkedfortheha~lf-

enginemodel.

In ordertodeterminetk,eierodynaniccharacteristicsofthe
scoops,pressuredistributionsaroundthescoopli~swere obtained
usingpressurebeltsdes.cribetlinr--emnce2 andshowninfigure6.
Total-pressuresurveysmadeatthecarburetortopdeckwereplioto-
graph.icallyrecordedfroma mui%itubewmometer.

Thefree-wateri~gestionoharacterlsticsofthesooopswere
determinedinsimulated-raintest~with.nc@nalwaterconcmtrations
ofC!,3, 6,and9 .granspercubicmeterat thethreebasicfll@t
conditions. Themodifiedunder-cowl-EJtioopwastestedonlyunder
thocruising-flightconditim.

Thewater-dropletdiamterwasdeterminedby measuri~samples
ca~ht incastoroilinstillalrbeneaththespraynozzlm. Micro-
scopicmeasurementsofdiameterwerecorfvqrtedto dropvolumeand
thetotalvolumeofeachsizerangewaspl.dtedagainmtdropletsize.

*’

.. -.
.-

-.
—
—

—

.

—

.— .-

—

.*

.

“-”r
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Theeffectoftherelativelyfewlargedropswaspre@mina.ntin
IocatingtheTeakofthecurve,or “volumemaximun,m at 85-to
120-micronediameterforsprayconditionscorrespondingtowater
concentrateionsof 2.0to 11.5gM.mapercubicmeter,re&pectively.

.——

A reductionindropletsizecausedby theacceleration”’forcesiti”
thetunnelcontractionsectionhasbeenobservedbuthasnotyet
beenquantitativelymeasured.Theactualikropletsizesprobably
weresmallerthanindicatedbymeasurementsinstill.air.. -..,”,-._

—.

Icingtest8weremsdeonthestandardandunder-cowlingSCOOTS
fortilesamebasicflightconditionsatanglesofattackof 0°and
J3°andat test-sectionfree-streamtemperatureof 15°and25°F with
anaveragewaterconcentrationof 2 to 4 gramspercub~cmeter.The
modifiedunder-cowlingSCOODwastestedonlyat an a~~e-ofattack”
of4°. Variationofwatercontentwithtemperatti-eduetofreezing
of someof’thewaterintheairat 15°F may‘haveresultedin bwer
icingratesbutthisvariationcouldnotbe detetiined.Photo- __
graphsoftilescoopsweretakenevery2 minutesduringeachrun,
thedurationofwhichvariedfromto 10“to20minutes;at theend
ofeachrun,thecarburetorscreena~’thescoopentrancewere
photographed.

TEsTRESULTS

AerodynamicTests —-.

Flowstudies.- Surveysaroundthestandardscoop,madetitha
%“001tui’t,indicatedflowseparationfromtheinsideoftbelower7
lip. Wooltuftsl;incheslongfastenedontheinsideoftheu@er-—
cowlingscoopindicatedseparationontheundersideofthefront
lipandthesidesofthescoop.Thesurfaceai?6X”o.nWhicbsepara-
tionoccurredwasdecreasedbymd.ifyingtheunder-cowli~scoop. ...

Static-pressuredistributions.- Pressuredistributionsare
presentedintermsofthepreseurecoefficientS alongthescoop
surfacesandareshowninfigure7 fortwo flightconditionsused
intheinvestigationoftheetandai’dscoop.Thepressuredistribu-
tionoverthelipsofthestandardscoopshowsa highnegative’
~essureonthetopsurfaceoftheupperlipwitha positivepres-
sureonthelowersurface;whereasthelower-lipsurveyshowsa
positivepressureonbothstiaces.Thestagnation”pbin%-oti’=’ch
lipwaslomtedneartheleadingedgeontilelower&i@face.For
theassumedflightconditionsonlyslightvariatiofi”in~“esflure -
distributionocc~ed forchangesinangleofattack,charge-air

7



flow,andcooling-airflow.An iilcreaseintheoharg~-airflowfrom
7000to 12,000poundsper hour,whiletheangleofattack,airspeed,
and.proportionatecooling-airflowweremaintainedconstant,decreased
allofthep~essureson,theupperandthelowerlipsexceptat the
stagnationpoints. .-

On theunder-cowlingscoop,positivepressureexistedonthe
outersurfaceofthefrontMp neartheleadi~~edgeandallalong
theinner surface(fig.8(a)).Theexactdistributionof~essures
aroundtheleadingedgeofthelipsiEIuncertninbecauseofthe
+-inchspaciwofttiepressurestations.Thexodlfied~er-cowlmg.
scoopwasdesignedandtastedinan effortto improvethepresouro
distributionoftheunder-cowllngscoopbymovingthesta@.athn
pointnearertheleadingedgeofthefrontlip. Favorablepressure
gradientsexistedalongthecnztmsurface,cxfthescooyandthestag-
nationpointswereat theleadlngedgesorbothlips(fig.R(b)).

Carburetortop-deckmeasurements.- T~i.=1velocitydi~ti*iba-
tionsacrossthetopdeckarest.owninfigure9 fortb.estandard
andunder-cowli~a~oops.U@er theaevera?.testconditionsforany
onescoop,thevelocityandthetotal-pce~suredistributionsat the
topdeckweresimilar,As illustratedinfi~e 9,thedistribu-
tionsaremoreuniformfortheunder-cowltngscoopthanforthe
standardecoop,~obablybecaugwflowreparationoccursonthelower
lipofthestandardscoopandZ@ cmthelowerlipoftheunder-
Cowl-ingscoop,

Thepercentagetotalorram-presmrerecoverywascalculatedas

(1-.E1-J%a
)

1(?0,whereH* wasobt@nedby inte&rationofthe
% ~

total-~essuredistributionsshowninfQure 10. Flyextrapolation,
theunder-cowlingscoophadgreaterram-pressurorecoveryatanangle
ofattackof 0°anda obarge-ai.rflowof7000poundsperhouranda
considerablysmallerrecoveryat 12,000poundsperhourthanthe
standardscoopforthesaneconditions.“Atan ~le ofattackof4°,
tkeram-pressurerecoveryforthe‘under-cowlingscoopwaasli.ehtly
higherthanforthestentirdscoopat charge-airflowsbelow
10,000poundsperhourbutthelosseswer~higherforthaunder-
.zowlingscoopat@eaterafrflows.Ram-praswurerecoveriesforthe
modifiedUnder-cawllngscoopat thesesameconditionsarealsoShown
m ftgure10(b).Themodifiedunder-cowlingscooydemonstrated
h@er recovery th~~theotherSCO03Sat @nangleofattackof4°
for theconditionWed inthesetests.

—
Foranangleof.attmkof 8°

(fig.1O(C)),theram-.presmrerecoveryfartheunder-cowlingscoop s

8 .
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“e ,

wasconsiderablyhigherthanfortheetand.adscoop.Therecovery
fort~ sccIoysge~rally&ecreased.tithan increasein charge-air
flow. Theeffectsofangleofattackontherehtive~rformances
of tbastandardandunder-cowlingscoopsarecomparedinfigure11
atan airspeedof 160milesperhourforthetwovaluesof charge- .——
airflow. Theram-pressurerecoveryforbothscoopsat qles of
attackof4°and8°arelowertorcherge-airflow@ 12,000than
for7000youndsperhour.Forthest@lardscoopat anangieof “
attackof0°,thisre’~ti.onisreversedSJMIfortheunder-cowl~--
scooythersm-pressurerecoveryat 12,000pounds-perhourf6”
approximatelyone-halftlnatat7000poundsperhour.

(

Hl - H&b
Thecomparativeram-pressurerecovery 1 -

HI )
100of

thethreescoopsforthethreebasicflightconditionsispresented
inthefollowingtable: .-.. ----- .-

Scoop !AngleofiApproX-Charge-Cooling-Ram-
attack i~~te airflowairflowpressure

airsneed w
.—

(Jg) (H’L) }(lb~r) (lh~,ej)7;=::)
Stanaard o 200 -11,900 42 75.5

4 160 7,2% 26 76.0
8 160 11,800 40 35.3 ‘-‘--”

Under- 0 I-80 12,000
.—.

42 48.3
cowling 4 160 9,000 26 77.2

8 160 11,600 37 63.5
Modified 4 -MO 8,0Q0 25 91.4
under-
cowling /

Fromaerodynamicconsiderationsforhigh-s~edlevelflight,
thestandardscoopismoresatisfactorythantheunder-cowling
ecoop.Forsteepclimbat sealevelor cruiseat ceilinggofitiong,
theunder-cowlingscoophasgreaterram-pressurerecoverythanthe
standardscoop.Furthermore,theram-piessurerecove~fforthemod-
~fiedunder-cowlingscoopat cruisingconditionishigherthanfor
eitheroftheotherSCOOPS.Theaerodynamicp3rfomganceofthemod-
ifiedunder-cowlingscoopbasedontheresultso%%-a~=at an angle
ofattackof 4°willprobablycom~arefavorablywiththestanderd _
scoopforhigh-sped.levelfli@t andbe stillbetterforclimb
conditicms.

9
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RainTests

Thescoopswerete~tedunderr.alnconditicmsthatactually
variedfromanavera@fi%e-waterconcentrationof’2.0to 11.5grams
~Brcubicmeter.As showminfigure12,largeamountsofwaterwere
ingestedby tkedm.ndardwsooyh directpropo%iontothefree
waterinthe~irstreamforthethreebasicflightconditions.The
modifiedunder-cowlinqscoopingestedabout5 percentofthewater
collectedby thestandardscoop.No=a@urableamountofwaterwas
collectedwiththeunder-cowli~scoop,whichindicatesitsexcel-
lentinertiaseparatingqualitleso

—

Characteristicsnrayprofiledlstril?utionsinrelationto the
e%andardandunder-c~ii~-t~-scoopsareshownIn
effectivedropsizeobtainedduringtheseteetswas
thataexistsinrlostcloudsbutconsiderablyamalle~

IcingTests

figureU!i.The
p~obsbiyLager
thanratndrops.

t“
Typicallocationsandprcfilesof thefceformat~onson each i .-

f
ofthescoopsforsimil~rtestcmaditionsareshownInfigure14.

>
Staaderdscoopat 25°F. - Eeavyaccumuiatiomof elusbyglsze

iceformedontheinletlirIsofthestsmlardSCOOPata test-section
temperatureof 25°F (fig.“15), Ikavyfo.rmatio.ns-occur:~mdinthe
ductwitha thick~~ssofasmuchas 1.25Znckesalongth9 ceiling

andflooroftheductasfarbackastheblbow.Highridgesof ice
collectedd thetopsurfaceofthelowerlipandicingof thecar-
bm?etorscreenoccurredunderallconditions.T.c~alwaysfoi~d
firstontherearandthesidesofthescreen,graduallyclosing
thescreenopeninguntilonlya smallyortionontheforwardside
re~ainedoyen. At an increasedangleof .sttack,moreiceformedon
theceilingoftheductduetoIihe&reate~areadirectlyexposedto
we.ter-dropletimpingement.Therequired@r flowthroughthecar-
buretorductwasmaintainedas loneaspossibleby graduallyoYn-
ingthecharge-airoutletflaps.Severeim~acticingup-to1 inch
thickfonmd onthefiltered-airdooy.

Standardacooyat 15°I?.- As showninfigure16,heavyrime
~.ceforaed on thelim ofthestandardSSOOIJat 15°F. Iceformed
upto0.25inchthlc~ODthefnsi.deoft% ~uctasfarbackes the
elbowincreasinginseveritywithanincre~seinXIe ofattack.
Impacticeformedonthefiltered-alrdoortoa thicknessaf 0.25

10
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to 0.37inch.Someicingwasobservedonthe
Photographs(fig.17)shotingtheprogressive

carhreto~screen.
formati~of iceon

thescoopweretakenat2-minuteintelwa~sthrougha tunnelobser-
vationwindow. —

Under-cowling@COO~et 25°F. - Whenthsunder-cowl~ngf3c00p-
wsatestedunderthes- conditionsasthestandardWSOOY,heavy
cleariceaccmmbtedontheoutersm’faceofthefrontHP at”a
temperatureof25°F, as showninfiguxe18. Thefirst6 to
8 inchesfromtheleadingedgeontheinnermirfaceofthefront
lip werefreeof iceunderallteatconditions.Fromthispoint
rearward,mediumdepositsof’icecollectbdasfarasthef?.rstaccess
hatch.At timesiceaccumulationswei-eobservedfore shortdistance,
occurringasa resultof secondaryinertiaseparationoftheresidual
waterdropletsas theairturnedintothehorizontalpartoftheduct.
As theangleofattackis increased,thecurvatureforinertiasep-
arationofwaterisreduced,exposingmoreof theductceili~to
weterimpingement.Slightlylargerareasofilucticingoccurredas ‘--
the~le ofattackof themodelwasincreased.No iceformedon
thefiltered-airdoor,heated-airdoor,carburetorscreen,or floor
oftheduct. Iceformedontheundersurfaceof theresxlipofthe
scoopto e,thiclmessof0.75iachduringa 20-ninuterun.

Under-cowli~Ecoopat 15°l?.- As showninfigure19,a mediwn
depositofrimeiceformedontineoutsideoftheunder-cowli~scoop
andon theundersideoftherearliptoa maximumtiichessaf
0.06inchat a temyrat~~eof 15°l?.A thinlayerof iceformeil6
to 8 inchesbackof tile leadingedgeontheinside-cf tlffefl”wklip,
as inthetestset 25°F, butthisdepositwasrarelym-orethan
0.06inchthickandwasthinenoughto permit”thelaminationof the
woodenscoopto bevisible.No icefoniedonthefiltared-airdoorj-.
heated-airdoor,or onthecarburetorscreen.

.—

Therateof icefoxmationontheunder-cowlingscoopis indi-
catedby theseriesofphotographspresentedinfigure.20.

Modifiedunder-cowlingscoop. - Themodifiedunder-cowlingscoop
ex$xmiencedthesamegeneralefierioricingas tineunder-cowling
scoop;sme impacticeformedonthescreenandthefiltered-alrdoor, ‘–
as showninfigure21. Theicingofthescreenwasanticipated -- -—- --”
becausescmewaterhad%eencollected.inthewatersaparator-ihiring
theraintests.Lighttomoderateiceformati~ wereobservedin
theductsat thessmegeneralareasaswiththeuuider-cowlingScoop.

11
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Combinedstandardandunder-cowli~scoop. - Iolng%estawere
conductedonthecombinedstandardanduuder-cowlingscoopwitha
4-ineshscreenplacedovertheraminlet,BecausetheInletscreen
mustbecme pluggedwithicebeforethedoorwillopenfully,this
scoopdidnotprovideeffectiveinertiaseparationuntilthescreen
VeSfullyioed.Consequently,thisSCOOTunderi.clngconditions
‘permitteda considerableenountof ioetoformon thecarburetor
screenandheavyducticingwasnoted.Theamountof icingof the
carlxn-etorscreenvsriedwiththedegreeandrateofopeningof the
under-cowlingdoor;hence,withtheicingrate of the scoop-entranae
Ecreen.A’16-meshentrancescreengaveimprovedperfomanoein
icingconditions,asshownin fi~e 22,butat theexpemeof
increasedaerodynamiclossesinnonici.ngconditions.

DEVIATIONSFROMTRUEFLIGHTCONDITIONS

Thesimulatedconditionsintheicingresearchtunnelforthe
testsoftheSCOOTSdifferedfromtrueflightconditionsbecauseof
thenatureofthesetupandtlmtunnelcharacteristics.Themain
deviationsare:

1.Thetestswereconduatedwithoutbenefitofen@neheat,
wblchintrueflightconditionsmaytendtodecreasesomeofthe
carburetor-ducticing.

2.The
obtainedin
the~ealing
duct.

3.The

ram-pressure-recwe~yF+Mwater-ingestionmeasuramonts
thetestsmaybe toohighforallthescoopsowir@to
ofdrainholesandotheropeni~sinthecarburetor

teatswererunwithoutthenresenceofthepropeller
andno correctionswerenadefor We wi~d-tunnelwalli~tefierenoe
ontheflowfield.Thecomparativex’esultsarebelievedtobe
valid,however,because the scoops were testedundersubstantially
thesameconditions.

4.Withthesprayequip.nentu~e&i.nthesetests,truecloud
icingconditionswerenotstiula’bedinthetunnel.Inmostimpact-
icingcotiltlons,cloud-dxopletd%metersvarybetween10end
30nicroneandthewatercontentvariesbetween0.5and1.5grams
percubtcmeter.Thesizeofthedropsinfreeztng.mietanddrizzle
variesbetween50and400microns,whereasfreezingraindropscan
attaina sizeof 2000microns.Henoe,thedropletsizesusedinthe
tunnelwereinte?.mediatebetweenthoseof cloudandrain.

12
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SUMMARYOFP=ULTS

Theprincipalresultsofaerodynamic,rain,andic~ testsof
tiestanderdandtier-cowlingtyg-scoop-desi~sinthe~c~ -
researchtunnelforanglesofat,tackof0° to8° ~d ch~geiati
flowsof7000and12,0(Xlpoundsperhourwithcorrespondingcooling-
alrflowsof 26and42poundspersecondmaybe summarizedas
follows:

AerodynamicTests

1.At allanglesofattack,theunder-cowlin~-typescoopshad
greaterram-pressurerecoverythanthestandardscoopforcharge-
airflowscori”espondingto cruisingconditions.

2.At char~e-airflowscorrespondingto climbconditionsand
at anairspeedof 160milesperhour,Vneunder-cowlingscoophad
lessram-pressurerecoveryatanglesofattackof 0°and4°than
the

had
air

the

—
standardscoopbutgreater~recoveryat 8°. ..

3.At an angleofattackof 4°,themodifiedunder-cowlingscoop
greaterram-pressurerecoverythantheotherscoopsupto charge-
flowscorrespondingto cl.iub. .

4.At ananqleofattackof 4° andcruisingcharge-airflows,
under-cowling-typescoopsgeveImprovedvelocitydistributions

atthecarburetortopdeckas comparedwiththoseofthestandard
scoop.

RainTests

5.Therateofw~teringestionofthestandardscoopIncreased
indirectproportioiito thefreewatertitheairandwashigher
thanfortheotherscoops.

6.Therateofwateringestionby theunder-cowlingscoopwas
toosmalltohemeasuredwithtineavailableequipment.

7.At an~1-e ofattackof 4°,themodifiedunder-cowli~-
scoopingestedwaterat a rateapproximately5 percentofthatof
thestandardscoopunderthesameconditions.

13
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.
IcingTests

8.Eeavyductxnilcarburetor-screen:.c.i.ngoccurredwiththe
standardscoopat 25°F atallaaglesofattack;at Xi”I’,moderate

-.

dllctandlightscreenici~ wereobserred~

:

14
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a

?

AImNmx - CALCULPI!1ONOFDROITJ3TTEEOREIX!ALX’A!IHS

Inorderto demonstrateanalyticallytheinertia-~eparation
F~’lncipleof theunder-cowlingscooy,a h~otheticalfieldoftwo-
dimensionalpotentialflowwasselectedtorepresentapproximately
theflowaheadoftheenginecowlingandthepathsof 15-&ud
40-ini.crondiameterdropletswerecaloula.tedandplotted..The
streamlinepathsselectedwererectangularhyperbolasofthetyp
repre~entedby thegeneralequation

V = -Xy= k

where x m y aretheaxes,k isanarbitraryconstant,andV
isthestreamfunction.Thecross-sectionaloutlineoftheunder-
cowlingscoopwassuperimposedonthefieldofflowinm arbitrary
positionselectedto illustrateas clearlyaspossible+h.eitititia-
se~arationprincipleinvolved.

Themethodusedto calculatethedropletpathsisoutlin@in
reference3 andisbasedonthefollowingassumptions:

1.Theindividualdropletswere@ssumedtobe travslingon
particularstreamlineswithafree-streamvelocityof300feetper
secondeta distance4 feetaheadofthee~ine cowling.

2.Thespeedof thedropletwasasmmedtoremainconstantat
a free-streamvelocityof303feetpe>’secondina directiontangent
totheoriginelstresnlineatallpoints.

3.Theradiusofcurratureof%% criginalstreamlinewa’s
elwaysusedindeterminingthecentrifugalaccelerationonthedrop-
leteventhoughthe~~opletpathhaddeviatedconsiderablyfromthe
ori~inalatreataline. —.

4. Stokes’la~WaSaSS~edtobe Validatthesevaluesofdrop-
iet

law

Reynoldsnumbe~.

Thenormalvelocltyofthedroplets
by

where

u component ofdropletlocalvelocity
line,ft/Oec

1.5

—
.—

——

—

normal to original stream-

.,.——

wascalculatedfromStokesf

.—

..-.
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v

P

P

droplet

droplet

NACA

radtus,ft

velocity,ft-/see

‘mNo.1134

absoluteairviscosity,lb-eec/sqf$

streamlineradiusof curvature,f%

Thedropletdeviation1sthen.foundfromtheequation

8 r‘B= tit
‘%

where

8 deviation o<droplet normal *O streamline, ft

t time, sec

.’

.

SubscriptsA andB representthelimitscd?theIncrement.

In orderto showtheeffectofdropsize,thepathsofdroplets
of 15-and40-microndiameterwereplottedas showninfi@zre23.
As indicatedby thesepaths,only%h.es-malldropletsenterthescoop.
Evidenceoftheentranceof smalldropleteintotheUnder-cowlfng
scoopswasfoundinthepresenceof lighttomoderateiceaccretions
ontheinsideuppersurfaceoftheinlet&uctandinthesmallamount
ofwateringestedby ttimodifiedunder-cowlingscoop.On tbeb8@S “
ofworkdone%yDr.IrvingLangmuirofthsGeneralElectricCo.on
thepathsofwaterdropletsatvaluesofdropletReynoldsnumber
beyondtherangeofvalidityofStokesfLw, it isestimatedtht
the15-and40-microndropletpathsas calculatedfromStokes’law
maycorrespondtothetruepathsofdropletswhosediametersare
approximatelytwicethesevalues.Becausethemeasuredaverege
tb?opletdiameterbyvolunemaximuminthesetestswasbetween85and
120microns,thedropletpathsshowninfigure23(b)probablyrep-
resent true pathsfortheconditionsofthstests.

1.Kimball,Leo?3.:IcingTestsofAircraft-E@neInduction
Systems.NACAARR,Jan.1943.

*
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2.Corson,BlakeW.,Jr.: TheBeltMethodforMeasuringPressure
Distribution.NACA,RB,Feb.1943.

3.StickleyjA.R.: SomeRemarksonthePhysicalAs~ctsofthe
AircraftIcingProblem.Jour.Aero.Sci.,vol.5,no.11,
Sept.19ZE!,pp.442-446.
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(a) Standardscoop.

. .. .

(b) Under-cowling scoop.

(c) Combination of standard and
cowling scoops. {Arr OW show
door. )

Fig. 4
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Figure 4. - Basic design of sta,ndard and under-cowling sCOOPS.



-.

.—

NACA TN No. 1134

c-c &

I

.

“..
(-B

/:

*

F[g; 5a “–

.

B-B t

—7*5m-

1 ‘g”’; ‘L14.37”~

. .’,’

. .. .

. . .._
-x

-c
.-

-c

?:-*

.. NATIONALMVISORY
COKUITTSEFORAERONA~lCS

(al ,Standard SCOOp.

. .

Figure 5. - ~rofi,les and typical cross sections of standard
Sc”oop, under .cowling scoop, modified undef-’c owl ing scoop,
and combination of standard and under-cowling %coops.



Fig. 5b

A-A

NACA -TN No~ I 134=

.

rc

19.5n R 1

4
~ L---_137n7-

lb} IJndor-cowl Ing scoop.

NATIOUALADVISORY=
CUWITTEI!FORAERoMMKICS

Figure 5. - Continued. Profiles and typicalcross sections
of standard scoop, under-cowiing scoop, modified under-
COWI ing scoop, and combination of standard and under cowi-
ing scoops.



NACA TN NO. I 134 Fig. 5C

...

c-c

B-B
,

A-A I

.
[cl Modified under-cowling ecoop.

NATIOWALABVIEORY
CC4MIITCE FOR ASR~AUTICE
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cowi ing scoop, and combination of standard and under-cowi-
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NACA TN No. I 134 Fig. 6
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Figure 6. - Pressure-belt installation used in pressure-
distribution survey.
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hour; WC, i2,000 pounds per hour.
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